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S U M M A R Y
Background: Necrotizing fasciitis (NF) is a life-threatening soft tissue infection. It is usually caused by
Streptococcus pyogenes and other Gram-positive bacteria. Several reports, however, emphasize the
importance of Gram-negative rods in this infection.
Methods: We retrospectively studied all cases of monomicrobial necrotizing fasciitis hospitalized in our
center during the years 2002–2012. We compared clinical characteristics and outcomes of patients with
Gram-negative versus Gram-positive infection.
Results: Forty-ﬁve cases were reviewed, 19 caused by Gram-negative organisms, 10 of them Escherichia
coli, and 26 caused by Gram-positive organisms, 10 of them S. pyogenes. Compared to Gram-positive
infections, patients with Gram-negative infections were more likely to have a baseline malignancy (9/19,
47.4%) or to have undergone recent surgery (4/19, 42.3%). The 30-day mortality was higher among Gram-
negative infected patients (8/19, 42.1% vs. 8/26, 30.8%). Creatine phosphokinase (CPK) was elevated in a
minority of patients with Gram-negative necrotizing fasciitis, and its absolute value was lower than in
Gram-positive necrotizing fasciitis.
Conclusions: In our center, 42% of monomicrobial necrotizing fasciitis cases were found to be caused by
Gram-negative organisms, mostly E. coli. These infections usually appeared in immunocompromised or
postoperative patients, often presented with normal CPK levels, and were associated with high mortality
rates.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-SA license (http://creativecommons.org/licenses/by-
nc-sa/3.0/).
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Necrotizing fasciitis (NF) is a life-threatening soft tissue
infection.1 The estimated mortality from necrotizing soft tissue
infections is 12–35%,2 with lower rates described in more recent
series. Approximately 20% of patients require amputations and 30%
experience functional limitations after discharge.3 The most
important determinants of mortality are timing and adequacy of
debridement.4
Approximately 80% of NF cases are type I (polymicrobial
infections), approximately 15% are type II (monomicrobial* Corresponding author. Tel.: +972 50 4065475; fax: +972 3 9376512.
E-mail address: dafna.yahav@gmail.com (D. Yahav).
http://dx.doi.org/10.1016/j.ijid.2014.05.024
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-sa/3.0/).infections, classically caused by Streptococcus pyogenes), and
<5% are type III (clostridial infections).5 The US Centers for
Disease Control and Prevention (CDC) report 600–800 cases
annually of Streptococcus pyogenes NF in the USA.6
Monomicrobial NF is usually attributed to Gram-positive
organisms. In recent years, however, reports of monomicrobial
infection by Gram-negative rods have been increasing. In a recent
report from Taiwan, approximately half of monomicrobial NF cases
were caused by Gram-negative rods, mostly Klebsiella pneumo-
niae.7 Other series have demonstrated Escherichia coli, Klebsiella
spp, and Pseudomonas spp as causes of monomicrobial NF.3,8,9
Additional Gram-negatives reported were Proteus spp, Acineto-
bacter spp, Vibrio spp, and Aeromonas spp. In a retrospective cohort
study from the USA, 1% of monomicrobial NF was caused by
Klebsiella spp and 6% by Pseudomonas spp.10ciety for Infectious Diseases. This is an open access article under the CC BY-NC-SA
Table 2
Pathogens associated with necrotizing fasciitis
Gram stain Pathogen Number of patients
Gram-positive Streptococcus pyogenes 10
Streptococcus anginosus 1
Streptococcus group G 2
Streptococcus group F 1
Streptococcus viridans 1
Streptococcus group B 1
Staphylococcus aureus 7 (MRSA 3; MSSA 4)
Enterococcus spp 3
Total 26
Gram-negative Pseudomonas aeruginosa 2
Escherichia coli 10 (ESBL 2)
Enterobacter cloacae 1
Proteus mirabilis 2
Serratia marcescens 1
Acinetobacter baumannii 1
Aeromonas hydrophila 2
Total 19
MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive
Staphylococcus aureus; ESBL, extended-spectrum beta-lactamase.
D. Yahav et al. / International Journal of Infectious Diseases 28 (2014) 13–1614Pathogenic mechanisms suggested for Klebsiella NF, other than
direct inoculation, are hematogenous spread from other septic foci
and bacterial translocation. In addition, once NF is established,
Klebsiella spp has a propensity to spread and involve other organ
systems.7,11 Cheng et al. compared monomicrobial S. pyogenes NF
with Klebsiella NF and demonstrated a signiﬁcantly higher risk for
bacteremia, concomitant distant abscesses, and underlying im-
munosuppression in patients with Klebsiella NF.7 Data on E. coli NF
are scarce.12
Recently, we reported several cases of E. coli monomicrobial NF
from our hospital.13 The aims of this study were to document the
causative pathogens of monomicrobial NF in our hospital for the
period 2002 to 2012 and to compare Gram-negative with Gram-
positive infections.
2. Methods
The charts of all hospitalized adult patients with a discharge
diagnosis of necrotizing fasciitis were reviewed retrospectively for
the period January 2002 to December 2012. We found 45 cases of
monomicrobial necrotizing fasciitis. The diagnostic criteria for
necrotizing fasciitis are summarized in Table 1. Two independent
investigators examined the data and determined whether the
infection could be classiﬁed as necrotizing fasciitis or not. In cases
of disagreement, a third investigator was involved in the decision.
The study protocol was approved by the local ethics committee.
2.1. Statistical analysis
Dichotomous variables were compared using the Chi-square
test. Continuous data were expressed as the mean  standard
deviation (SD) or median and interquartile range (25th–75th
percentiles, IQR), as appropriate, and compared using the t-test.
Due to the rarity of the infection, the study sample size was small and
we did not expect to show statistical signiﬁcance in the results.
3. Results
Forty-ﬁve cases of necrotizing fasciitis were included in the
analysis; 19 were caused by Gram-negative pathogens and 26 by
Gram-positive pathogens (Table 2). Most patients in the two
groups had community-acquired infections and were either
immunocompromised (malignancy or immunosuppressive thera-
py) or diabetic.
Baseline characteristics of the patients in the two groups are
presented in Table 3. Four out of 19 (21%) patients in the Gram-
negative group had undergone a surgical procedure during the
previous 30 days before the infection, compared with 11 out of 26
(42%) patients in the Gram-positive group.
Almost all patients in the Gram-negative group (89.5%) were
either immunocompromised or diabetic (or both). Ten patientsTable 1
Criteria for diagnosing necrotizing fasciitis
A single pathogen cultured from blood or infected soft tissue (obtained
surgically, by skin biopsy or swab from exudate) AND
Evidence of necrotic fascia during an operation and/or characteristic pathologic
features (extensive tissue destruction, thrombosis of blood vessels, abundant
bacteria spreading along fascial planes, and inﬁltration of acute inﬂammatory
cells)
OR
Patients not undergoing surgery with the above monomicrobial culture and
high clinical suspicion based on clinical ﬁndings including high fever, systemic
toxicity, soft tissue involvement with severe pain, crepitus, rapid progression of
clinical manifestations, elevated serum creatine kinase level, and
demonstration of muscle involvement or gas on imaging studieswere diabetic, two received steroids, ﬁve had a hematological
malignancy, and four had a solid organ malignancy. In the Gram-
positive group, 64.5% were either immunocompromised or
diabetic (or both). Fifteen patients were diabetic, two had solid
organ malignancies, and two had a hematological malignancy.
3.1. Outcomes
The 30-day mortality was 42.1% in the Gram-negative group
(8/19 patients) and 30.8% in the Gram-positive group (8/26
patients) (p = 0.433). The 90-day mortality was 57.9% in the Gram-
negative group (11/19 patients) and 53.8% in the Gram-positive
group (14/26) (p = 0.787).
Sixty percent (6/10) of patients with S. pyogenes infection died
within 90 days, as did 60% (6/10) of patients with E. coli infection.
All deaths among the E. coli group occurred during the ﬁrst 30 days.
Limb amputation was performed within 30 days in 11.5% (3/26)
of Gram-positive infections and 5.3% (1/19) of Gram-negative
infections (p = 0.634). No amputations were performed beyond
30 days.
Nineteen patients in the Gram-negative group were operated
on 42 times; 23 patients in the Gram-positive group were operated
on 66 times within 90 days. One patient with Streptococcus
viridans infection had distant abscesses documented by day 30.
There was no signiﬁcant difference in the duration of
hospitalization among Gram-negative (median 28 days, IQR
8–48) and Gram-positive patients (median 23 days, IQR 15–42).
Thirteen patients (68%) from the Gram-negative group and 21
(81%) from the Gram-positive group were hospitalized in intensive
care units (ICUs) within 30 days of infection. The median duration
of ICU stay was 3.0 days (IQR 0.0–11.0) in the Gram-negative groupTable 3
Baseline characteristics of patients by Gram stain group
Gram-
negative
Gram-
positive
p-Value
Total, n 19 26
Male sex, n (%) 9 (47.4) 15 (57.7) 0.493
Age, years, mean  SD 59.7  14.2 58.0  18.5 0.818
Community-acquired, n (%) 15 (78.9) 20 (76.9) 0.872
Immunosuppression or
diabetes mellitus, n (%)
17 (89.5) 17 (65.4) 0.086
Surgical procedure in
previous 30 days, n (%)
4 (21.1) 11 (42.3) 0.203
SD, standard deviation.
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(58%) Gram-negative and 19 (73%) Gram-positive patients
required mechanical ventilation, and three and four patients,
respectively, required renal replacement therapy within 30 days of
infection presentation.
3.2. Clinical presentation (Table 4)
Clinical presentation with septic shock was diagnosed in 11/19
(57.9%) Gram-negative and 18/26 (69.2%) Gram-positive patients.
Confusion was observed in one patient in each group; none of the
patients had disseminated intravascular coagulation (DIC).
At least two of the symptoms of local pain, swelling, heat, and
erythema were documented in 17 Gram-negative patients and
22 Gram-positive patients. Crepitus was noted in one patient from
the Gram-negative group and two from the Gram-positive group.
Bullous lesions were demonstrated in three patients from each
group.
There were no signiﬁcant differences in vital signs on
presentation of infection between the two groups, including fever,
blood pressure, and heart rate. Values of leukocytes and platelets
on presentation were also similar in the two groups. Creatinine,
glucose, and C-reactive protein (CRP) values were higher in the
Gram-positive group (Table 4).
Elevated creatine phosphokinase (CPK) was found in only two
patients in the Gram-negative group (2/16, 12.5%) compared with
nine patients in the Gram-positive group (9/16, 56.3%). Maximum
CPK values were 278 in the Gram-negative group and 4454 in the
Gram-positive group.
Among the Gram-positive group, 11 patients (46.2%) presented
with lower limb necrotizing fasciitis, ﬁve (19.2%) developed an
infection in the trunk, and four (15.4%) in the head and neck region.
In the Gram-negative group, six patients (31.6%) had a lower limb
infection, six developed an infection in the trunk region, and four
(21.1%) had Fournier’s gangrene.
Microbiological diagnosis was based on blood cultures in four
Gram-negative and ﬁve Gram-positive patients, on tissue cultures
in 15 Gram-negative and 16 Gram-positive patients, and on both
tissue and blood cultures in ﬁve Gram-positive patients and none
in the Gram-negative group. In all ﬁve cases, the same organism
was isolated from both blood and tissue.
S. pyogenes was cultured from blood in ﬁve of the 10 patients
with this organism. E. coli was cultured from blood in two out of
10 patients. Staphylococcus aureus was not cultured from blood in
any of the patients.
Among 15 Enterobacteriaceae isolates, two were extended-
spectrum beta-lactamase (ESBL)-positive, six were resistant to
quinolones, and all were sensitive to piperacillin/tazobactam and
carbapenems.Table 4
Clinical presentation of infection, median (interquartile range)
Presenting sign Gram-negative
group
Gram-positive
group
p-Value
Fever, 8C 37.2 (36.4–38.1) 36.6 (36.5–38.0) 0.502
Systolic blood
pressure, mmHg
123 (98–133) 115 (105–124) 0.508
Heart rate, bpm 95.5 (80.0–111.0) 90.0 (75.0–107.0) 0.617
WBC,  109/l 13.0 (3.5–20.00) 12.2 (7.3–17.3) 0.825
PLT,  109/l 265 (105–353) 226 (164–285) 0.749
Creatinine, mg/dl 0.9 (0.7–1.1) 1.3 (0.9–2.3) 0.05
Glucose, mg/dl 116 (90–188) 174 (108–295) 0.064
Sodium, meq/l 135 (132–139) 134 (131–137) 0.452
CRP, mg/dl 15.0 (8.8–31.8) 33.6 (18.3–39.4) 0.131
Lactate, mg/dl 18.0 (13.8–25.3) 21.0 (13.5–35.5) 0.499
Albumin, g/dl 2.6 (2.0–3.0) 3.1 (2.2–3.5) 0.181
WBC, white blood cells; PLT, platelets; CRP, C-reactive protein.Gram stains of tissue cultures were reported for nine Gram-
negative cultures: seven had Gram-negative rods and two had
mixed Gram-negative rods and Gram-positive cocci on Gram stain.
Gram stains were also reported for 18 Gram-positive cultures:
15 had a Gram stain reporting Gram-positive cocci, two had mixed
Gram-negative rods and Gram-positive cocci, and one was a
negative Gram stain.
Computed tomography (CT) was performed in 11 patients from
the Gram-negative group. Air in tissues was demonstrated in seven
imaging studies and a collection was demonstrated in three. In the
Gram-positive group, CT was performed in 16 patients, with
demonstration of air in nine patients and collection in four. Other
ﬁndings in both groups were edema and fat inﬁltration.
Extensive tissue destruction was demonstrated on biopsy
specimens in 10 Gram-negative and 12 Gram-positive patients.
3.3. Treatment
Fourteen patients in both groups were not treated with
appropriate empirical therapy within 48 h of presentation (ﬁve
in the Gram-negative group and nine in the Gram-positive group).
Three of these 14 patients (21.4%) died within 30 days compared
with 13 out of 31 (41.9%) patients who were appropriately treated.
Seven patients (two Gram-negative and ﬁve Gram-positive)
were treated with intravenous immunoglobulin (IVIG); four of
them died within 30 days and an additional patient died by day 90.
4. Discussion
We retrospectively analyzed 45 cases of monomicrobial
necrotizing fasciitis that occurred in our center over a 10-year
period. Of these cases, 19 were caused by Gram-negative
organisms, 10 of them E. coli, and 26 were caused by Gram-
positive organisms, 10 of them S. pyogenes.
Baseline characteristics of patients were similar in terms of age
and sex; most patients in both groups had a community-acquired
infection. A higher percentage of patients in the Gram-positive
group had undergone a recent surgical procedure (42.3% vs. 21.1%,
respectively). Baseline malignancy was more common in the
Gram-negative group (47.4%) compared with the Gram-positive
group (15.4%) (Table 3).
The 30-day mortality was higher in the Gram-negative group
(42.1% vs. 30.8%) and amputations were more frequently
performed in Gram-positive patients (11.5% vs. 5.3%). Very few
amputations, however, were performed. Mortality rates were
higher among patients given appropriate empirical treatment
compared with those treated with inappropriate therapy. It is
possible that the more severely ill patients were those receiving
broad-spectrum antibiotics, and thus treated appropriately but
nevertheless died.
Presenting signs were similar in terms of vital signs and the
prevalence of septic shock, confusion, DIC, and local signs of
infection. Median leukocytes and platelets were similar in the two
groups. The median CRP, creatinine, and glucose were higher in the
Gram-positive group (Table 4). Among Gram-negative infected
patients, elevated CPK was found in fewer patients and its
maximum values were lower.
In our center, anaerobic cultures are always taken from blood
and tissue at the time of surgery. In the absence of anaerobic
pathogens in our patients, we describe here monomicrobial E. coli
NF in 22% of NF cases in our hospital. We previously reported seven
cases of E. coli NF. All patients died during hospitalization.
Genotypic analysis was performed on four isolates from three
patients and demonstrated cytotoxic necrotizing factor (cnf1) in
three isolates from two patients.13
D. Yahav et al. / International Journal of Infectious Diseases 28 (2014) 13–1616The reported incidence of E. coli monomicrobial NF varies
according to geographic area. High rates of E. coli NF (18%) have
been reported in India14 and K. pneumoniae in Taiwan (17–22%).7,15
Signiﬁcantly lower rates of E. coli (up to 2%) and K. pneumoniae (up
to 5%) monomicrobial NF have been described in series from the
USA3,10,11 and other series from Taiwan.16,17
Cheng et al. found a similar mortality rate (47%) among
K. pneumoniae NF cases7 to that found in our Gram-negative
infected patients (42.1% 30-day mortality). In previous studies,
reported mortality rates of group A Streptococcus (GAS) NF have
varied between 15% and 40%, and up to 53–65% in patients with
toxic shock syndrome.18–20
Only four patients (21%) with Gram-negative infection in our
study were bacteremic, compared with 10 Gram-positive (38%)
and 80% of K. pneumoniae NF patients described by Cheng et al.7 In
the Klebsiella group, 27% had distant abscesses compared with
none in our Gram-negative group.7
A previous retrospective study comparing GAS and non-GAS NF
revealed elevated CPK values early in the course of GAS NF, while
most patients with non-GAS NF exhibited CPK values within the
normal range.21 It is suggested that GAS may exert a particular
tropism and/or toxicity for muscle. A very high CRP level has been
reported frequently in NF, particularly in GAS NF. CRP levels above
16 mg/dl, with a sensitivity of 89% and speciﬁcity of 90%, have been
reported in GAS NF.22
There are no data supporting the use of IVIG for Gram-negative
necrotizing fasciitis. Since our data demonstrate high rates of
Gram-negative cases, clinicians should consider adding IVIG to the
treatment regimen only after Gram-positive cocci are demonstrat-
ed on Gram stain.
We present a relatively large series of Gram-negative mono-
microbial NF, especially E. coli NF. However, the main limitation of
our study is its small size, as expected due to the rarity of this
infection. Signiﬁcant inter-hospital variation in NF characteristics,
including microbiology, has been described previously.3 In our
center, E. coli is one of the most common isolates in general, which
could explain its dominance in NF, as described for Klebsiella sp.7
Further studies are needed to better characterize Gram-
negative NF. Studies should examine the presence of cnf1 in E.
coli and other pathogenic factors in different Gram-negative
pathogens. The modes of transmission of this gene should be
detected in order to prevent its spread.
In conclusion, in our hospital 42% of all monomicrobial NF cases
were caused by Gram-negative pathogens. The rates of E. coli NF
were comparable to GAS NF (22%). The affected population
included mostly patients with malignancy or diabetes mellitus,
and the 30-day mortality rate was higher than in Gram-positive
NF. The early diagnosis of Gram-negative NF is hampered by lower
CRP and creatinine levels and the absence of elevated CPK in
addition to lower absolute values of CPK compared with Gram-
positive infections. Physicians should be aware that Gram-
negative organisms may be responsible for necrotizing fasciitis
and prescribe empirical coverage accordingly.Ethical approval: The study protocol was approved by the local
ethics committee.
Funding: None.
Conﬂict of interest: All authors declare none.
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